


VJIK 613.6 : 667 


TEXHH4ECKHE NPHUMHbI OBPbIBOB 
MIPOBOJIOK HECYLNE-TATOBOLTO 
KAHATA HA ITACCA2KHPCKONU 
MNOJBECHOM KAHATHON JIOPOTE 


A, A. Kopomxkuu, 2. B. Mapuenxo, 

A, B. Hanqusioe 

JJoHcKON rocyapcTBeHHbIN TeEXHH4eCKHM YHUBepcHTeT, 
r. Poctos-Ha-JJouy, P® 

korot @novoch.ru 


a.panfilov @bk.ru 
daedwardramler.ru 


IIpeaqcTaBieHbl pe3yJIbTaTbI 9KCIeEpTH3bI 0 
YCTaHOBJICHHIO TeEXHHYeCCKHX TIPH4YHH OOPbIBOB 
IIPOBOJIOK HeCyIIle-TATOBOrO KaHaTa Ha Macca- 
*KUPCKON NOABeCHOW KaHaTHOW opore. Ycta- 
HOBJICHO, 4TO OCHOBHOM Tpv4HHOM oOOppiBa 
IIPOBOJIOK ABILAJICA WEPeKT B BUC BOJHUCTOCTH, 
BOSHUKAaFOIUMH = BCIICJICTBMe HepaBHOMepHOoro 
pactipeyeseHua pacTAruBarolled Harpy3Ku 
MOKY TIpAAMU KaHaTa. Hasmunve KOppo3Hu Ha 
e@eKTHOM y4aCcTKe CBUJICTeIbCTByeT O Mexa- 
HU3Me HelpaBHJIbHOrO B3aMMOJIENCTBHU MpsAyeu 
KaHaTa B 30HE BOJIHHCTOCTH, BbIJaBsIMBAaHHu 
BHYTpeHHeW KOPCaxKHOM JICHTbI HU cepyeuHukKa 
Ha NpoTaxeHun cyaKu. IIpopeqeHHaa 9KCrep- 
TH3a NO3BOJIMIAa BbIABUTb, 4YTO MOBpexKTeHHe 
IIpaqH Hecyllle-TATOBOrO KaHaTa ABIIACTCA CeL- 
CTBHeM HelIpaBMJIBHON SKCIJIyaTaluu KaHaTHOHK 
JOPOrW B 4aCTH He MpOBeJeHHA PeBH3HU Hecy- 
Il[e-TATOBOrO KaHaTa, HEBLINOJHeEHHU Mepvodu- 
YeCKOTO HAaHeCeCHHA CIIeIMaIbHbIX CMa30UHBbIX 
MaTepHasIOB Ha KaHaT B IleJIOM WM Ha MeCTO 
cyasIkKH. PeMOHT BBIIeHa3BaHHOTO HeCcyllie- 
TATOBOLO KaHaTa MOXKET ObITb OCYIICCTBIICH Iy- 
TeM 3AMeHBI JIeeKTHOM psa, M00 IyTeM 3a- 
MeHbI edeKTHOrO y4uacTKa KBaIM@UUMpOBaH- 
HbIMU CielMalMcTaMH 10 TEXHOJIOrMH 3aBOJIa- 
W3rOTOBUTEIA. 


Koaouesbie copa: Hecyliie-TaroBbIaw KaHar, 
eeKTHI CTaSIbHOrO KaHaTa, OOPbIBBI MPOBOJIOK, 
BOJIHHCTOCTb, Me€XaH3M OOpa30BaHHA BOJIHH- 
CTOCTH. 
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The article presents the examination results 
in order to establish technical reasons for 
wire breaks of the carrier-traction rope on 
the passenger cableway. It was established 
that the main causes of breakage of wires 
were: a defect in the form of undulations, 
arising from the unequal distribution of ten- 
sile load be-tween the rope strands. Corro- 
sion on the defective area indicates on the 
improper interaction between the strand 
ropes in undulation area, and the squeezing 
of the inner ribbon and the core all over the 
splice. The carried out examination has iden- 
tified that the dam-age of carrier-traction 
rope strands is a con-sequence of improper 
use of cable cars, with regard to the failure to 
conduct carrier-traction rope audit, and not 
performing the periodic application of spe- 
cial lubricants on the whole rope and on the 
splice. Repair of the above mentioned carri- 
er-traction rope can be done by replacing the 
defective strand or by replacing the defective 
part by the qualified technology manufactur- 
er. 


Keywords: Carrier-traction rope, defects of 
steel rope, broken wires, undulation, undula- 
tion mechanism. 


Introduction. Nowadays Russia has many 


mountain tourist complexes, which use pas- 





KOMITJICKCOB, Ha KOTOPBbIX ITDHUMCHAFOTCA TacCa- 
7KUPCKHE TIOBCCHBIC AOporM 


CUTK]). (WIKJ, orpocatca kK omacHbIM Tpon3- 


KaHaTHBbIe 


BOJICTBCHHbIM OOBEKTAM, YTO TOBOPHT O BBICO- 
KUX TpeOoBaHHAX 10 OOecHieyeHHIO Oe30TacHo- 
CTH Tp SKCMTyaTalMu JJAHHBIX OObEKTOB [1 J. 
OcHOBHbIM JJOKYMeCHTOM, OOecIIeyHBarOluM 
Oe30MacHOCTb 9KCIIIyaTalun maccaxkupcKux 
TOJIBECHbIX KaHaTHbIX JOPOr, ABJIAIOTCA (ezle- 
PaJIbHbIe HOPMbI u¥ MpaBusa (MHIT) B oOnacTu 
IIpOMBIMNIeHHOM Oe3onacHoctTu: «I IpaBusa 6e3- 
ONacHOCTH NaccaxkKUpcKHX KaHaTHbIX JOpor U 
(DYHHKyIepoB» (C H3MeHeHHAMN OT 28 alipesa 
2016 roma). IlyHxtom 546 BpimleynoMAHYyTBIX 
paBusl OlpewesaeTcA, YTO SKCMIyaTaluA Ka- 
HaTHOM JOPOTM WOJOKHA OCYIIeCTBIIATBCA B CO- 
OTBETCTBHM C 9KCITyaTauMOHHOM JIOKYMeHTa- 
uuen uw TpedOoBaHuamu MHI. B nyuxte 561 
ykKa3aHO, 4TO persilaMeHTHble paOoTbI IIpu 9KC- 
mryatauuu KJ] uv ee sIeMeHTOB CyIeayeT MpoHn3- 
BOJMTb B COOTBeETCTBHH C PYKOBOJICTBOM TIO 
aKcrtyaTamun [2]. 
B pe3yibTaTe OCMOTpa UH_ BM3yasIbHO- 
W3MepHTeJIbHOrO KOHTpOIA MecTa jedeKta 
yCTaHOBJIeHO HamWw4uve BOHUCTOCTH (puc. 1), 
ABNAIOMIEMCA OJHUM U3 OpaKOBOUHBIX OKa3a- 


Tele HeCyllle-TATOBOrO KaHaTa. 


senger ropeways. Passenger ropeways refer 


to the hazardous facilities, which mean that 
high requirements are needed to ensure safe- 
ty in the operation of these facilities [1]. 

The main documents that ensure safe op- 
eration of passenger ropeways are Federal 
rules and regulations in the field of industrial 
safety "Safety rules for passenger ropeways 
and funiculars" (with amendments dated 
April 28, 2016). Paragraph 546 of the above- 
mentioned rules determines that the opera- 
tion of the ropeway must be carried out in 
accordance with the operating instructions 
and the requirements of Federal rules and 
regulations. Paragraph 561 indicates that 
maintenance work in the operation of pas- 
senger ropeway and its elements must be 
made in accordance with the operation guide 
[2]. 

After examination and visual-measuring 
inspection of the defect area the waviness 
was found (Fig. 1), which is one of the dis- 


card indicators of carrying-hauling ropes. 


f Splicing jomt 





Puc. |. KonTpomupyempii TapaMeTp KaHaTa — JMaMeTp BOJIHHCTOCTH 


Fig. 1. Rope controlled variable - waviness diameter 








IIpeqenbubie 3HaYeHHA BOJHUCTOCTH 110 EN 
12385-8 
Yactp 8. Hecymme u TATOBEIC KaHAaTHI U3 MIpayen 


«KaHaTbI CTasIbHbIe. be30macHocTs. 
JIA WaccaxKUpCKONM KaHaTHOM WOpormM>> COCTaBIIA- 
eT 6%. MHII 9TH NapameTpsI He onpeeseHst. 
Ja KaHaTa JMaMeTpoM 48 MM, KOHCTpyKIIMu 
6x26(1+5+5/5+10) WS-SPC 1600 B zZ, mpe- 
JleIbHOe 3HaYeHHe MapaMeTpa BOJIHHCTOCTH CO- 
cTaBiiaeT 2,88 MM. Ha puc. 2 npuBeyeHa doro- 
Tpadusa edekTHOoro yuacTKa KaHaTa JHaMeTpOM 
48 MM, KOHCTpyKuMu 6x26(1+5+5/5+10) WS- 
SPC 1600 B zZ. 3HaueHve NapametTpa BOJIHUCTO- 
CTH B 30HE C4YaJIKH BbIMe JOMYCTHMbIX 3HadeHHi 
WM COCTaBJIAeT 4 MM. 


Waviness limit value according to EN 
12385-8 " Steel wire ropes - Safety - Part 8: 
Stranded hauling and carrying-hauling ropes 
for cableway installations designed to carry 
persons" is 6%. Federal rules and regulations 
do not define these parameters. For cable of 
48 mm in diameter, 6x26(1+5+5/5+10) WS- 
SPC 1600 B zZ design, the waviness limit 
value is 2.88 mm. Fig. 2 shows a photograph 
of the defective area of the rope of 48 mm in 
diameter, 6x26(14+5+5/5+10) WS-SPC 1600 
B zZ design. The waviness parameter value in 
the splicing area is above the limit values, and 
is 4 mm. 
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Puc. 2. DoTorpadus JedekTHOrO y4acTKa KaHaTa C BOJIHHCTOCTbIO JMaMeTpoM 48 MM, 


KOHCTpykuWMu 6x26(1+5+5/5+10) WS-SPC 1600 B zZ 


Fig. 2. Photo of the defective area of a rope with a 48 mm diameter waviness, 
6x26(1+5+5/5+10) WS-SPC 1600 B zZ design 


Ha jedbeKTHOM y4acTKe KaHaTa YCTaHOBJIeCHO 
M3MeHeHHe ero AMametpa. IlyHKtom 115 OHI 
«IIpapuia Oe30MacHOCTH MaccaxKupcKuXx KaHatT- 
HbIX JOpor U PyHUKyIepoOB» yCTaHOBJIeHO CiIe- 
yromree: «JIuametTp KaHaTa B 30HE C4aJIKH, 3- 
MepeHHbIN B HATAHYTOM COCTOAHHH, He JOJDKeH 
IIPCBbIMATb HOMHHAJIbHBIM JMaMerp OosIee 4eM 
Ha: 5% — Mexyy y3laMu cyanku; 10% — B 
MecTe y3JIOB CuaJIKH Ia KJ] c OTWenMsIAeMbIM 
3a2KUMOM)». 

B pe3yJIbTaTe 3aMepoB MOJIy4eH AMaMeTp Ka- 
HaTa Ha yuacTKe Me@xKy y3JlaMH CUaJIKH: MaK- 
CHM@JIbHBIM WMamMetTp coctapsiaeT 51,4 MM, MH- 
HUMaJIbHbIM — 42,0 mM (puc. 3). 
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The diameter change is identified on the de- 
fective area of the rope. Paragraph 115 of Fed- 
eral rules and regulations "Safety rules for 
passenger ropeways and funiculars" sets the 
following: "The diameter of the rope in the 
splicing area measured under tension, must not 
exceed the nominal diameter by more than: 
5% — between splicing joints; and by 10% in 
the splicing joints area of a detachable cable 
rope". 

Having carried out all the measurements we 
obtained the diameter of the rope in the area 
between the splicing joints: the maximum di- 
ameter 1s 51.4 mm, the minimum — 42.0 mm 
(Fig. 3). 








Puc. 3. DoTorpadusa 3aMepoB JWMaMeTp KaHaTa KOHCTpyKUMu 
6x26(1+5+5/5+10) WS-SPC 1600 B zZ Ha yuactkKe Mexk]y y31aMu CuasIKu 


Fig. 3. Photo of the rope diameter measurements 
of 6x26(1+5+5/5+10) WS-SPC 1600 B zZ design in the area between the splicing joints 


IIpuunHon mpow30lmlewtiero U3MeHeHHA 
yMaMetTpa HeCylie-TArTOBOrO KaHaTa B MecTe 
C¥YaIKH SABJIACTCA BOJIHHCTOCTb, MOABHBIMAACA 
W3-3a HepaBHOMepHoro paciipeyesIeHua pacTsa- 
rMBarolleh Harpy3KH MexKTyY Upaaqamu. Ha 
yuacTKe C4asIKH KaHata Ob OOHAPy2xKeH edeKT 
BOJIHHCTOCTH, MpeBbIlatollui OpakOBOUHBIe 
moKa3aTeiu. OOpa3s0BaHne Jedekta B BU BOII- 
HUCTOCTH XapaKTepH3yeTCA JVIMTCIbHbIM IIpo- 
IIECCOM. 

Y xaHata 663 
(puc. 4) 


IIPWJIOKCHa B TCOMCTPHAICCKOM HCHTpe KaHar,a. 


edekta «BOJHHCTOCTb» 


paBHOJeNcTByrollad Harpy3Ka Px 


Bce npsM B Ce“YeHH HarpyxKeHbI paBHOMepHO. 
Mexay 1paa4Mu cylecTByeT TaHTreHUMasIbHbI 
3a30p A. Ilpaqu omupatotca Ha LeJIbHBIM T1a- 
CTHKOBbIM cepyesdHuK. IIpu w3ru0e Ha UIKHBe 
IpayqM IIpOBOpaynBaloTcA BOKPyr cCBOeH Ocu 
(KaK ObI OOKATHIBAFOTCH BOKPYT I[eJIbHOrO TWa- 
CTHKOBOrO CepyleuHuKa) HU CMellatOTCA OTHOCH- 
TeJIbHO JIPyr Wpyra. 

Y Kanata c HasiM4unem JedeKTa BOJIHMCTOCTU 
(puc. 5) paBHoyevcTByrollad Harpy3Ka Px cmMe- 
wjaeTcd KBa3MCTaTM4eCKH (IIOCTeIeCHHO) OTHO- 
CUTeCJIbBHO TeEOMeETPHYeCKOTO LWeHTpa KaHaTa Ha 
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The reason for the diameter changes of the 
carrying-hauling rope in splicing area is wav- 
iness caused by uneven distribution of tensile 
load between the strands. The waviness de- 
fect that exceeds the discard indicators was 
found in the splicing area. The waviness is 
characterized by a long-term formation pro- 
cess. 

The rope without the "waviness" defect 
(Fig. 4) has the resultant force Px applied to 
the geometric center of the rope. All strands 
in the cross-section are loaded evenly. Be- 
tween the strands there is a tangential gap A. 
Strands are rested upon a solid plastic core. 
Bending on the pulley strands rotate around 
their axes (like run-around a solid plastic 
core) and mix relative to each other. 

For the rope with the waviness defect 
(Fig. 5) the resultant load Px shift quasistati- 
cally (gradually) relative to the geometric 
center of the rope by the eccentricity value e 


with a cyclic interaction with the pulley. 
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BeJIM4MHY SKCIICHTPHCHTeTa e pH WMKIMYe- 
CKOM B3aHMOJICHCTBHH CO UIKHBOM. B npayqax 
KaHatTa IIpOWUCXOJIMT llepepaciipeyjeseHnue 
Harpy3Kv. IIpu 9sTOM sABNeHHM Mex Ty MIpsAyA- 
MH MeHAeTCA TaHreHIIMaIbHbiM 3a30p A. Ha 
BbIIYKIIOM YacTH BOJIHHCTOCTH TaHreHMasib- 
HbIM 3a30p A MEXKTY IpAyAMM yBesIM4MBaeTCA, 
Ha BOrHyTOH — YMeHbillaeTca (1H00 BOOOLIe 
oTcytcTByeT). IIpu u3srude Ha UIkKuBe pad 
IIpOBOpaduBaloTCA BOKPyr CBOeH OCH UH CMeli{a- 
FOTCA OTHOCHTEJIBHO pyr Apyra BOKpyr Uc- 
KPHBJICHHOM OCH KaHaTa, 3a C4eT 4erO Cepye4- 
HMK MW BHYTPeCHHAA KOPCaxKHad JICHTa BbITaBIIN- 
BaeTCA HapyKY B TaHTeHI[MaJIbHbIM 3a30p A Ha 
BbIITYKJIOW YaCTH BOJIHUCTOCTH. 

BsraBsiMBaHve BHYTpeHHeH KOpcaxKHOM 
JICHTbI HW CepeuHHKa Ha MpOTAKeCHHU CyaIIKH 
HapyKy <ABIIACTCA JJIMTCIbHBIM [IpOIeccom, 
CBUJICTEJIBCTBYIOINMM O MOCTeMeCHHOM Hapacta- 
HMM e@eKTa BOJIHUCTOCTH WO KpHTHYeCKOrO 
3HayeHHa (OpakOBOYHOrO MapaMetpa). Opnex- 
THPOBOUHOe BPeMA BH3yaJIbBHOrO MOABIICHHA 
BbIJaBIMBaHHA BHYTPeCHHeH KOpPCcaxKHOM JICHTHI 


cocTaBiseT 2—3 roa. 





Puc. 4. Kanat y koToporo jle@eKT BOJIHHCTOCTH 
OTCYTCTBYeT 


Fig. 4. Rope with waviness defect 


IIpu BHeIIHeM BH3yaJIbHOM WM U3MepuTelIb- 
HOM KOHTpOJsIe B MecTe C4aIKH Ha OJHON U3 
ipayenw oOHapyxeH yedeKT B Bue OOpEIBa 
IIPOBOJIOK (puc. 6). 


There is a redistribution of the load in the 


strands of the rope. The tangential gap A 
varies between the strands in case of this 
phenomenon. On the convex part of the wav- 
iness the tangential gap A between the 
Strands increases, on the concave — decreas- 
es (or it even does not exist). Bending on the 
pulley strands rotate around their axes and 
shift relatively to each other around the 
curved axis of the rope, whereby the core and 
the inner grosgrain ribbon is extruded to the 
outside in the tangential gap A on the con- 
vex part of the waviness. 

The inner grosgrain ribbon and the core 
extrusion in the splicing area is a long pro- 
cess, indicating on the gradual waviness de- 
fect increase up to the critical value (discard 
indicator). Estimated time of the visual ap- 
pearance of the inner grosgrain ribbon extru- 


sion is 2-3 years. 
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Puc. 5. Kanat y koToporo jle@eKT BOJIHUCTOCTH 
IIPHCYTCTByeT 


Fig. 5. Rope without waviness defect 


The defect such as breakage of wires was 


found on one of the strands in the splicing ar- 


ea during the external visual and measuring 
control (Fig. 6). 








Puc. 6. DoTorpadusa Wedekta Ha OJHOM H3 IpsAyev B MeCTe CYaJIKH B BUC OOPbIBOB IIPpOBOJIOK KaHaTa 
KOHCTpykWMu 6x26(1+5+5/5+10) WS-SPC 1600 B zZ 


Fig. 6. Photo of a defect on one of the strands in the splicing area in the form of broken wires of the rope 
of 6x26(1+5+5/5+10) WS-SPC 1600 B zZ design 


Bu3yalIbHbIM OCMOTPOM YyCTaHOBJICHO HasIH- 
que OOPbIBOB MpOBOJIOK Ha OJHOM U3 payer 
KaHatTa B MecTe C¥aJIKH. YCTaHOBJIeHO HasIMmuue 
OOpPbIBOB MPOBOJIOK W3 BHeIHerO COA pA 
B KOJIMYeCTBe Tpex IITyYK JMaMeTpoM 3,6 MM, 
M TOpbIBbI Tpex IIPOBOJIOK H3 BHYTPeHHero 
cod JMamMeTpoM 2,45 mM u 1,95 mM. 

JledekTOckonwA KaHaTa TakoKe NOJTBepxKa- 
eT Hamw4uve OOpbIBOB TpoBoOK. Kaknx-1H00 
BHeEIIHHX BO3JIeHCTBHHM (HalipHMep, MexaHuye- 
CKUX yJapOB, BO3CHMCTBHUA MOJIHMU, 4Upe3Mep- 
HOrO UCTHpaHHaA MpOBOOK) Ha edeKTHOM 
yuacTke He OOHapy2xKeHO. 

Vimeetca He3HauuTelbHoe HasMm4ne KOppo- 
34MM Ha OTJCJIbHbIX TpOBOOKax (puc. 6). 
OTOT TedekT OOpa30BasIca B Pe3YIbTATe NOBPe- 
*KICHUA MOBEPXHOCTHOTO COA WMHKa 3a CYeT 
TpeHua mpH ormdOaHuH WkKuBa edeKTHbIM 
yuacTKOM. IIpu 3TOM MpOWCXOAUT KOHTAKT (Ka- 
CaHve) CMe2KHBIX IIpsjleH KaHatTa B IIpolecce ux 
OTHOCHTebHOrO MepemeimlleHua. JlaHHbIN je- 
(peKT HasIM4uuA KOppo3Hu He ABIIAeTCA Opako- 
BOYUHBIM MOKa3aTesIeM WU CBUJICTEJIBCTBYeT O He- 
IIpaBYJIbHOM MeXaHW3Me B3aMMOJIeHCTBHA IIps- 
jie KaHatTa B 30HE BOJIHHCTOCTH. 

XapakTep W3JI0MAa IIPOBOJIOK CBUJICETeJIbCTBY- 


a tp: 





Visual inspection established the presence 
of breaks in the wires on one of the strands of 
the rope in the splicing area. There were es- 
tablished some breaks in the outer layer 
strands in total of three with a diameter of 3.6 
mm, and the breaks of the three wires of the 
inner layer with a diameter of 2.45 mm and 
1.95 mm. 

Defect detection of the rope also confirms 
the presence of wires breaks. The results of 
any external influences (e.g. mechanical 
shock, the effects of lightning, excessive abra- 
sion of the wires) are not detected in the de- 
fective area. 

There 1s minor corrosion on individual 


wires (Fig. 6). This defect resulted from dam- 
age to the surface of the zinc layer due to fric- 
tion when the defective area bent around the 
pulley. There occurs the contact (touch-down) 
between adjacent rope strands in the course of 
their relative movement. This corrosion defect 
is not a discard indicator and 1s an indication 
of incorrect mechanism of interaction of the 


rope strands in the waviness area. 
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eT, 4TO HX OOPHIBbI MpOM30NLWIM W3-3a pacTaru- 
Barollen Harpy3Ku (HasIM4ne 3OHbI TEKYYeCTH) U 
CJIBUTOBbIX HallpsxKeHHH (KOCOM cpe3 HO] yr- 
n0M 30-45 rpanycos). 

XapakTep H3JIOMa CBUJICTEJIbCTBYeT O «CHIIO- 
BOM>> pa3pyNIeHHH MpoBosoK. B mporecce u3- 
rHu0a Ha IIKMBe TIpsyb, Cc Ted@eKTOM B Bue 0O- 
PbIBa IIPOBOJIOK, 


«(SAKYCBIBAJIO  CMCOKHbIMU 


IpaAyAMM. OTHOCHTeIbHOe IIpOCKasIb3bIBaHHe 
IIpaqeH OTHOCHTebHO JpPyrux pAyeu OTCyT- 
CTBOBAJIO, KAK HU YCTaJIOCTHOe pa3pyllieHHe. 

B CBAa3H C OTCYTCTBHEM OOPbIBOB MpOBOJIOK 
0 JIMHe KaHaTa UH Ha Jpyrux yaacTKax B MecTe 
CYaIKH, MOKHO [peAMONO*XUTb, 4TO HeCcyIie- 
TATOBbIM KaHaT He Mcuepiall CBOIO HEeCYIILYO 
CIOCOOHOCTb MO KOJIMYeECTBY I[MKJIOB HarpyxkKe- 
HHA WU MOXKET MPOAOJDKUTh SKCIIJIYaTHpOBaTbcA 
IIpH BbIMOJHCHHM PeMOHTHBIX padoT (HalIpu- 
Mep, pH 3aMeHe edeKTHOH NpsAqM wu Je- 
(pDeKTHOrO y4acTkKa). 
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The nature of wires breaks shows that their 
breakages occurred due to tensile load (the 
presence flow ranges) and _ shear stress 
(oblique cut at an angle of 30-45 degrees). 

The nature of breaks indicates a "forceful" 
breaking of the wires. In the process of bend- 
ing on the pulley the strand with a defect of 
wires breakage was "squeezed" between the 
adjacent strands. There was no relative slip- 
page of the strands relative to the other 
strands as well as the fatigue failure. 

Due to the nonoccurrence of breakage of 
the wires along the length of the rope and on 
other splicing parts, we can assume that carry- 
ing-hauling rope hasn’t exhausted its carrying 
capacity by the number of loading cycles and 
could continue its service if all the repairs are 
performed (such as defective strands or defec- 


tive area replacement). 
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